The web is having a significant impact on how firms interact with each other and their customers. Past stumbling blocks for supply chain integration such as high transaction costs between partners, poor information availability, and the challenges of managing complex interfaces between functional organizations are all dissolving on the web. In this paper, we examine how the web is changing supply chain management. We present a survey of emerging research on the impact of e-business on supply chain management including descriptive frameworks, analytical models, empirical analysis, and case studies.
Introduction
Nothing has rocked the young field of supply chain management like the emergence of the Internet. While the management of information flows have always been a key aspect of supply chain management, the rapid growth of web-based information transfer between companies, their suppliers, and their customers has decidedly increased the importance of information management in creating effective supply chains. Indeed, the Internet has emerged as a most cost-effective means of driving supply chain integration.
We define e-Business as the marriage between the Internet and supply chain integration.
This marriage is transforming many processes within the supply chain from procurement to customer management and product design.
In this paper, we explore how e-Business is changing supply chains and examine the rapidly evolving research in this area. Following the framework of , we divide the various forms of e-Business applications into three categories -eCommerce, e-Procurement, and e-Collaboration (Figure 1 ). e-Commerce helps a network of supply chain partners to identify and respond quickly to changing customer demand captured over the Internet. e-Procurement allows companies to use the Internet for procuring direct or indirect materials, as well as handling value-added services like transportation, warehousing, customs clearing, payment, quality validation, and documentation. e-Collaboration facilitates coordination of various decisions and activities beyond transactions among the supply chain partners, both suppliers and customers, over the Internet. For example, coordination of engineering changes in the bill-of-materials for a product that is manufactured by an outsourced partner.
The remainder of this paper is broken into three sections examining research in these three forms of e-Business. In our survey, we include a wide range of research, from classical model building and empirical studies to cases and frameworks. At the end of each section, we review the papers included in this special issue of POMS, relating them to the earlier work. Given the early stage of research in this area, much of the published research is in the form of case studies and descriptive frameworks. While we do not claim that our review is exhaustive, we do believe it provides a good snapshot of the area.
We concentrate on articles that are explicitly linked to internet-based supply chain applications. Of course, there is much pre-web related research on information technology and supply chain management. We include only a few of these papers to provide continuity to past work. We categorize the papers by both the form of e-business and the research methodology (Table 1 ). In addition, we review teaching cases focused on e-business and supply chain in Table 2 . The number of teaching cases focusing on this area has increased dramatically in the past few years. For the teaching cases, we limit our review to cases written in the last three years (2000) (2001) (2002) . This eliminates many of the cases focused on B2B exchanges and e-tailers that have failed. We note that a few of the cases we include in our review explicitly examine the failure of such companies. We categorize the teaching cases by e-business form and by area within supply chain management (Table 2 ) using the framework developed by Johnson and Pyke (2000) . 
e-Commerce
e-Commerce has had a profound impact on the supply chains of many products. Clearly, the supply chains of information goods have seen the most change (for example, see ). Manufacturers of physical products have also turned to the Internet as a direct channel of distribution. The direct channel poses a different set of decisions and challenges from those in the existing "bricks-and-mortar" retail channel.
These two channels differ in customer types, operations of order fulfillment, cost structure, profit contributions, priority in rationing, logistical requirement, expectations of service quality, degree of market segmentation, access to demand/supply information, and returns policies. Much of the early work on consumer related e-Commerce focused on the changes in channels and the downward market pressure on prices. Indeed, one of the earliest such studies (Brynjolfsson and Smith (2000) ) found that prices in the late 1990s for homogeneous products like books and CDs were 9-16% lower in e-channels than in conventional outlets. Yet, for many products, the supply chain challenges of sustained price competition became evident by 2001 with the many failed business models. describe the difficulties of effectively executing e-fulfillment and develop a framework for evaluating the challenges of efulfillment for any specific product. include in the e-Commerce category are centered on failed businesses. Indeed, the focus of these cases is supply chain challenges that led to the firm's failure. Table 2 shows the cases reviewed in this paper, including their e-Business focus and the areas within supply chain management that are highlighted in the case. For example, the Webvan case (see Table 2 ) examines the challenges of rapidly building a distribution system. Garden.com examines issues of supplier management and conflicting incentives in a virtual supply chain. In both cases, the supply chain challenges led to the failure of these firms. In contrast to these cases, Chempoint illustrates a virtual supply chain for the distribution of small volume, specialty chemicals where the supplier incentives were more closely aliened -leading to a successful business model. Chempoint was able to build a nice The second question is addressed by Cattani and Souza (2002) . They consider two types (high vs. low priority) of customer demands arriving at Poisson rates. Demands are met from a common inventory that the server replenishes at a finite speed but stops when the inventory reaches a certain level. In dealing with the distinct customer demands, the manufacturer can either adopt a first-come-first-served (FCFS) policy, or a rationing policy where the firm ships only orders for the priority customers under a certain level of inventory. The benefit of direct channel manufacturer is inventory and shipping flexibility, as some online customers are more willing to wait longer than others. The paper develops models of queueing systems or birth-death processes and derives the additional value (in terms of operational profits) of the rationing policy over the FCFS policy under three scenarios of lost sales, backlog and their combination. They offer a large number of numerical runs to derive some useful qualitative insights. This paper illustrates the additional advantages of e-Commerce over the traditional retail channels, such as delivery time flexibility or logistical configurations. Regarding the latter, note that in the design of e-Commerce distribution system, the material flow and the information flow can be decoupled -the delivery process may take a different route from the order flow. One may order a book at Amazon's website, but the actual delivery may come from the warehouse of its distributor Ingram Books. Thus, an online firm can construct a virtual logistical network that consists of its suppliers' and retailers' logistical assets as well as its own .
e-Procurement
Modern manufacturing requires flexibility due to stiff competition, fast changing customer preferences, shortening product life cycle and product variety proliferation.
Along with dynamic capacity allocation, efficient material procurement forms a pillar to support flexible manufacturing. The Internet again offers a natural platform to facilitate efficient procurement as numerous buyers and sellers find each other and transact according to some pre-specified protocols (governed by the marketplace or traders' internal rules). While e-Procurement is the mirror image of e-Commerce, they have many different aspects. For example, e-Commerce often faces a large number of individual consumers, while e-Procurement usually involves dealings with companies.
Of course, many e-Procurement ideas such as dynamic markets and auction theory have been long studied areas within economics (e.g. auctions, see Milgrom and Weber (1982) or Riley and Samuelson (1980) ). Recent work has begun to explore how on-line exchanges impact the procurement process and the supply chains of individual companies. For example, Kaplan and Sawhney (2000) and Wise and Morrison (2000) both develop frameworks to understand what types of exchanges would appear for different types of products and examined how exchanges may evolve. Jap and Mohr (2002) explore why some firms are successful with e-procurement strategies while others are not. Lee and Whang (2002a) model how secondary on-line markets impact the supply chain. compare many e-procurement strategies to traditional strategic alliances.
In the past three years, there have been several interesting cases written on e-Procurement (see Table 2 ). Five cases summarized here examine the role of industry exchanges:
SciQuest is focused on the laboratory and science research community; Instill is focused on the food services industry; eConnections and PassAct in the electronic components industry; and eSkye is focused on the alcohol beverage industry. In each case, the company's original focus was that of an information intermediary -linking buyers and sellers together without ever touching the product. While all met with some degree of success, they also found significant resistance in the supply chain as they challenged the power balance between customers, distributors, and suppliers. Today, the three survivors the random opportunity for a lower price. The combined strategy involves a minimum quantity commitment, so an irrevocable quantity commitment is traded off with the advantage of stratification. The paper offers the conditions under which one strategy is superior to others. They also study the optimal number of suppliers to contact when a fixed search cost is accrued per potential supplier contacted. The analysis underlines the fact that e-Procurement opens up the possibility of the combined strategy and derives the optimal solution in the combined strategy. It also demonstrates how the lower search cost and other factors (driven by the Internet) can affect the procurement strategy. Indeed we find various software packages that support such dynamic procurement strategies.
These products (e.g., Broadvision, Manugistics, Tradec, and Instill) take real-time data (e.g., inventory levels, sales data, and market price at electronic exchanges) and provide nice presentation of the operational status and limited optimization capabilities.
The second paper conducts a survey of 416 e-Procurement users (of Office Depot) and studies the success factors in procurement of indirect material. The data and its step-wise regression analysis supports that buying companies indeed realize performance benefits from e-procurement, and identifies drivers of success. Well summarized in Figure 1 of the paper, the drivers of performance success are categorized into the characteristics of the purchasing company (strategy and environment) and
Internet factors (Internet-related and site specific. Combined with the work by Peleg, Lee and Hausman, this work presents a very useful future research into the status and impact of e-Procurement of direct materials.
The last paper on procurement (Tempelmeier 2002) considers an optimization tool to help in dynamic supplier selection. The author considers the case of a company facing dynamic demand and multiple suppliers offering various quantity discount schemes that vary over time. The problem is formulated as a mathematical program and a fast solution heuristic is proposed and tested. The author describes how the solution procedure was implemented as part of SAP's Advanced Planner and Optimizer (APO) software.
e-Collaboration
While e-Commerce and e-Procurement have captured most of the business press headlines over the past five years, the promise of e-Collaboration may be far greater. We define e-Collaboration as business-to-business interactions facilitated by the Internet.
These interactions go beyond simple buy/sell transactions and may be better described as relationships. These include such activities as information sharing and integration, decision sharing, process sharing, and resource sharing. Lee and Whang (2002b) provide this taxonomy of e-Collaboration and link the idea to earlier research in supply chain management. Of the three areas, information sharing has seen the most research. With widespread interest in the bullwhip effect ), many researchers have worked to quantify the impact of the bullwhip and examine the benefits of sharing information (for examples, see Cachon and Fisher (2000) , Iyer and Ye (2000) , Moinzadeh (2002)). There has also been significant work to understand the benefits of IT investments within an enterprise (for example, the impact of
ERP (McAfee 2002)).
Process sharing like collaborative innovation and product design is also another exciting opportunity. Many researchers are wondering how the web will change innovation within and between companies (Sawhney and Prandelli (2000) ). In a pair of papers, Johnson ( , 2002 examines web-centric collaboration for product design in both the high tech and apparel industries. He develops a framework for understanding the supply chain benefits of design collaboration.
There are many new cases that examine different elements of collaboration, from information sharing and integration to process and resource sharing (see Table 2 ). 
Concluding Remarks
It is true that Internet-based software products developed by start-up companies have recently experienced a major setback. But while the Internet bubble may have burst as an opportunity to make quick money, we believe the influence of Internet on supply chain management is still alive and well. Rather than disappearing, it is expanding in breadth and depth alike. More companies are opening Internet channels, and more buyers are ordering over the Internet. Also applications are getting more sophisticated. For example, industry exchanges do not only handle transactions, but also generate data.
This in turn creates a whole new stream of research and a new breed of "execution" software products that enable a company to take real-time data and make dynamic decisions. They complement traditional "planning" systems such as ERP. Indeed, SAP recently unveiled plans to enhance manufacturing applications to better interact with their planning systems and added a freight-tracking program to its transportation management system (Gilbert (2002) ).
At the same time, the huge amount of data coming from Internet transactions leads to information "overload." This also creates an opportunity to develop solutions to aggregate, summarize and interpret them in a manager-friendly manner. Indeed software products and solution providers have emerged to address the needs in various terms like "dashboard," "cockpit" and "command center." For examples, see Broadvision, Powermarket (part of Tradec), and Manugistics. Given the numerous challenges in global supply chain management and the unlimited creativity in the business community, it is only a cliché to say that the new powerful tool called the Internet would find its way to more and better applications for a long time. So too would research, as a corollary. 
